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(54) Refrigeration system having a refrigeration cycle which provides optimized consumption

(57) A refrigeration system having a refrigeration
cycle which provides optimized consumption, compris-
ing a main section, which is constituted by at least one
main compressor (4), a main condenser (5), which is
connected between the compressor (4) and at least one
expansion valve (3), and at least one evaporator (2),
which is connected to the expansion valve, which com-
prises an auxiliary section comprising at least one aux-
iliary compressor (9) which is connected to a low-

pressure intake line of the main compressor, at least
one auxiliary condenser (10) which is connected to the
auxiliary compressor, and a first auxiliary reservoir (8)
and a second auxiliary reservoir (11) which are respec-
tively connected to the output of the auxiliary condenser
(10) and to the output of the main condenser (5), for
connection to the at least one expansion valve (3).
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Description

[0001] The present invention relates to a refrigera-
tion system with a refrigeration cycle which provides
optimized consumption.
[0002] More particularly, the invention relates to a
refrigeration system which allows to save energy with
respect to conventional refrigeration systems, which are
adapted to refrigerate enclosed spaces or masses in
general and to keep them at a lower temperature than
the outside environment by using an external power
source.
[0003] Among refrigeration systems or refrigeration
machines, the most widely used type is the so-called
vapor-compression type, which operates by converting
mechanical energy into heat energy by means of the
single or multiple reverse thermodynamic cycle in which
a refrigerant fluid evolves.
[0004] In some of the conversions of the cycle, the
fluid is in the superheated saturated vapor phase. Of the
heat energy produced by the conversion, a certain frac-
tion, determined on the basis of the first and second
laws of thermodynamics, is used at a temperature
below the temperature outside the system in order to
refrigerate enclosed spaces or masses.
[0005] Figure 1 is an enthalpy chart of the conven-
tional type, in which enthalpy H per unit mass is plotted
on the X-axis and the Y-axis plots the logarithm of pres-
sure.
[0006] Figure 1 plots two isothermal lines H1 and
H2 on which state transitions occur at a different pres-
sure and with different temperatures.
[0007] The region between the upper and lower lim-
iting curves is known as wet vapor region, since liquid
and vapor are simultaneously present. It can also be
noted that the enthalpies required to change state vary
according to the pressure and tend to decrease (H2 is
smaller than H1) as one approaches the critical pres-
sure C, at which the state transition occurs without
requiring heat.
[0008] Figure 2 is an enthalpy chart which plots a
conventional refrigeration cycle.
[0009] The various steps of a refrigeration cycle,
which can be provided for example by means of a refrig-
eration system as shown in Figure 3, are now
described.
[0010] The refrigeration system comprises a refrig-
eration cell inside which an evaporator 2 and an expan-
sion valve 3 are arranged.
[0011] The evaporator is connected to a compres-
sor 4, which is in turn connected to a condenser 5 and
to a reservoir 6 which is connected to the expansion
valve 3.
[0012] The connection between the evaporator 2
and the compressor 4 is a connection in which gas at
low pressure flows, while the connection between the
compressor 4 and the condenser 5 is a connection in
which high-pressure gas is present.

[0013] A liquid line is provided between the reser-
voir 6 and the expansion valve 3.

[0014] The refrigeration cycle provided by means of
the system shown in Figure 3 is illustrated schematically
in the enthalpy chart of Figure 2.
[0015] The point 1 of the chart corresponds to a
step during which the refrigerant gas is at a pressure P1
in the dry saturated steam region; in this condition, it is
aspirated by the compressor and compressed to the
point 2, which corresponds to a pressure P2 > P1.
[0016] The compression work applied to the gas by
the compressor 4 is given by the difference in enthalpy
H2-H1 and approximately corresponds to the energy
expenditure of the refrigeration system.
[0017] The temperature of the gas at the point 2
increases with respect to the temperature at the point 1:
compression normally occurs in a very short time and it
is therefore possible to consider this as an adiabatic
transformation (i.e., involving no heat exchange).
[0018] The high-pressure gas is then sent to the
condenser 5, in which heat is removed.
[0019] Desuperheating occurs in the first part of the
condenser 5, and the refrigerant gas passes from the
point 2 on the chart of Figure 3 to the point 3 of the
same chart, and actual condensation begins, until all
the gas is in the liquid state and is therefore subcooled
until it reaches the point 4.
[0020] The expansion valve 3, arranged upstream
of the evaporator 2, is designed to create a pressure
drop at constant enthalpy; i.e., the energy content of the
refrigerant gas does not vary in this step.
[0021] With reference to the chart of Figure 2, the
cycle passes from point 4 to point 5, at which it is in the
wet vapor region.
[0022] Then the partially evaporated gas at low
pressure and at low temperature is sent to the evapora-
tor 2, where the actual refrigeration effect occurs.
[0023] Inside the evaporator 2, the gas, by absorb-
ing heat from outside, evaporates completely and there-
fore superheats to the point 1 of the chart of Figure 2.
[0024] The refrigeration effect produced by this
cycle is given by H1-H5. At this point the cycle is
repeated.
[0025] The theoretical efficiency of the described
cycle is H1-H5/H2-H1.
[0026] The main variables to be defined, in addition
of course to the refrigerating capacity of the system, are
the evaporation pressure and the condensation pres-
sure.
[0027] The evaporation pressure is chosen accord-
ing to the temperature of the refrigeration cell 1 to be
cooled, in which the evaporator 2 is immersed, and
according to the characteristics of the evaporator.
[0028] The condensation pressure is instead usu-
ally determined by the maximum temperature that can
be reached by the medium used to cool the condenser
3 (usually air), plus the temperature difference required
by the condenser to operate.
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[0029] Therefore, for example in the case of an
external air temperature (on the condenser 5) of at most
35°C, and of a condenser characterized by a tempera-
ture difference of 5°C, the condensation pressure corre-
sponds to the temperature of 40°C.

[0030] However, the temperature of the condensa-
tion air can drop considerably, accordingly entailing a
decrease in the condensation pressure.
[0031] In this case, the values of the condensation
pressure may become so low as to prevent the correct
operation of the expansion valve 3 and therefore the
entire system stalls.
[0032] It should be noted that the purpose of the
expansion valve is to provide the isenthalpic expansion
of the refrigerant fluid and requires a minimum pressure
difference between the inlet and the outlet for its correct
operation.
[0033] This problem is normally solved by appropri-
ately varying the ventilation on the condenser 5 so as to
maintain a condensation pressure that corresponds to
approximately 35°C.
[0034] Ventilation is normally reduced by sequen-
tially shutting down the fans 7, in the case of a multiple-
fan condenser, or by reducing the rotation rate of said
fans.
[0035] The actual refrigeration cycle, therefore,
does not occur at the lowest possible condensation
pressure (determined by the temperature of the con-
densation air), but is limited downwards so as to ensure
circulation of the refrigerant gas.
[0036] Optimized energy consumption is not
achieved in this way.
[0037] The aim of the present invention is to provide
a refrigeration system in which energy consumption is
optimized with respect to conventional systems.
[0038] Within the scope of this aim, an object of the
present invention is to provide a refrigeration system
which allows gas refrigeration to occur at the lowest
possible pressure.
[0039] Another object of the present invention is to
provide a refrigeration system which allows the com-
pressor of the system to operate at lower temperatures
and pressures than normally provided in conventional
systems, thus reducing the wear of said compressor.
[0040] Another object of the present invention is to
provide a refrigeration system whose overall refrigera-
tion capacity is higher than that of conventional sys-
tems.
[0041] Another object of the present invention is to
provide a refrigeration system in which the main section
of the system is subjected to lower operating tempera-
tures than those of conventional systems.
[0042] Another object of the present invention is to
provide a refrigeration system in which the main com-
pressors are quieter than the compressors of conven-
tional systems.
[0043] Another object of the present invention is to
provide a refrigeration system which can be used as a

high-efficiency conditioning system.

[0044] Another object of the present invention is to
provide a refrigeration system which can allow to pro-
vide high-efficiency heat pumps.
[0045] Another object of the present invention is to
provide a refrigeration system which is highly reliable,
relatively easy to manufacture and at competitive costs.
[0046] This aim, these objects and others which will
become apparent hereinafter are achieved by a refriger-
ation system having a refrigeration cycle which provides
optimized consumption, comprising a main section,
which comprises at least one main compressor, a main
condenser, which is connected between said compres-
sor and at least one expansion valve, and at least one
evaporator, which is connected to said expansion valve,
characterized in that it comprises an auxiliary section
which comprises at least one auxiliary compressor
which is connected to a low-pressure intake line of said
main compressor, an optional auxiliary condenser
which is connected to said auxiliary compressor, and a
first auxiliary reservoir and a second auxiliary reservoir
which are respectively connected to the output of said
optional auxiliary condenser and to the output of said
main condenser, for connection to said at least one
expansion valve.
[0047] Further characteristics and advantages of
the invention will become apparent from the description
of a preferred but not exclusive embodiment of the sys-
tem according to the invention, illustrated only by way of
non-limitative example in the accompanying drawings,
wherein:

Figure 1 is a conventional enthalpy chart;
Figure 2 is an enthalpy chart on which a conven-
tional refrigeration cycle is superimposed;
Figure 3 is a schematic view of a conventional
refrigeration system;
Figure 4 is a schematic view of a refrigeration sys-
tem according to the present invention;
Figure 5 is an enthalpy chart on which the refriger-
ation cycle provided by means of the system
according to the present invention is superimposed;
and
Figures 6 to 8 are schematic views of the various
operating steps of the refrigeration system accord-
ing to the present invention.

[0048] With reference to Figures 4 to 8, the refriger-
ation system according to the present invention com-
prises, like the system shown in Figure 3, a refrigeration
cell 1 which internally accommodates an evaporator 2
and an expansion valve 3.
[0049] It should be noted that Figure 4 uses the
same reference numerals as Figure 3 to designate cor-
responding elements.
[0050] At least one main compressor 4 is con-
nected to the evaporator 2 by means of a duct in which
intake gas, designated by the reference numeral 20,
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flows at low pressure.

[0051] Moreover, the compressor 4 is connected to
a main condenser 5, which is provided with ventilation
means 7 and is in turn connected to a reservoir 8.
[0052] In practice, the refrigeration system accord-
ing to the invention has a first section, which comprises
the main compressor 4, the main condenser 5 and the
reservoir 8, and is capable of condensing the gas drawn
from the intake line 20 and compressed by the main
compressor 4 at the lowest possible temperature
allowed by the main condenser 5 (and by its cooling
medium).
[0053] The refrigerant fluid in output (at low pres-
sure) accumulates in the reservoir 8, which is initially
empty.
[0054] The connection between the main con-
denser 5 and the reservoir 8 is provided by means of a
liquid line 21 at the condensation pressure (for example
approximately 8 bar).
[0055] The system according to the invention has a
second or auxiliary section which is composed of an
auxiliary compressor 9, an optional auxiliary condenser
10 and a second or auxiliary reservoir 11.
[0056] In order to allow to regulate the throttling
pressure it is possible to vary the flow rate of the auxil-
iary compressor 9 using an inverter or any other
adapted device. Instead of using the auxiliary con-
denser 10, it is possible to use a choke on the intake line
toward the auxiliary compressor 9, with the aim of
adjusting the throttling pressure, which can also be con-
trolled with other conventional methods.
[0057] The second section instead operates at the
throttling pressure, and the second reservoir 11 is con-
nected to the expansion valve 3 by means of a liquid line
12 at the throttling pressure (for example approximately
14 bar).
[0058] The throttling pressure, which is kept con-
stant, ensures a delivery pressure of the circuit which is
sufficient to feed the expansion valve 3.
[0059] The gas compressed by the auxiliary com-
pressor 9 in fact reaches the reservoir 11 (which is ini-
tially full) and pushes the liquid contained therein toward
the expansion valve 3 at the throttling pressure.
[0060] When the reservoir 11 is empty and the res-
ervoir 8 is instead full, the system must be able to func-
tionally swap the two reservoirs, and the filling and
emptying cycle is repeated.
[0061] Clearly, the refrigerant liquid that arrives
from the main section is at low temperature and pres-
sure, and when functional reservoir swapping occurs it
is subjected to the throttling pressure and is therefore
greatly subcooled.
[0062] A possible circuit embodiment of the system
shown schematically in Figure 4 is described hereinaf-
ter.
[0063] The auxiliary compressor is connected to
the low-pressure line 20.
[0064] Conveniently, the main section of the refrig-

eration system shown in Figure 4 comprises a plurality
of main compressors 4 and a plurality of cells 1 which
are arranged in parallel to each other.

[0065] It is conveniently possible to provide also a
spare auxiliary compressor 9.
[0066] Figure 6 is a detailed view of the actual cir-
cuit of the refrigeration system according to the inven-
tion, illustrated only by way of schematic example in
Figure 4.
[0067] Figure 6 illustrates, in particular, a first step
of the operation of the refrigeration system according to
the invention, and Figures 7 and 8 illustrate further
steps of its operation.
[0068] With reference to the diagram of Figure 6,
the first reservoir 8 is part of the main section, while the
second reservoir 11 is part of the auxiliary section of the
refrigeration system according to the invention.
[0069] The first and second reservoirs mutually
swap their functions.
[0070] In detail, the first or auxiliary reservoir 8 is
connected to the auxiliary condenser by means of a
valve VS1 and is connected to the output of the main
condenser 5 by means of a non-return valve NRV1 and
is then connected to the expansion valves 3 by means
of a high-pressure line 14 and an additional non-return
valve NRV3.
[0071] Likewise, the second reservoir 11 is con-
nected to the auxiliary condenser 10 by means of a
valve VS2 and is then connected to the output of the
main condenser 5 by interposing a non-return valve
NRV2 and is connected, by means of an additional non-
return valve NRV4, to the low-pressure line 14 that
leads to the connection to the expansion valves 3.
[0072] Furthermore, each reservoir 8 and 11 is con-
nected to the low-pressure line 20 by means of respec-
tive valves VS4 and VS3 and a bypass choke 18.
[0073] Conveniently, it is possible to provide a main
reservoir 25 which is connected in output to the main
condenser 5, upstream of the expansion valves 3.
[0074] Alternatively, by choosing appropriate sizes
for the auxiliary reservoirs 8 and 11 it is possible to elim-
inate the main reservoir 25.
[0075] In general, the refrigeration system accord-
ing to the invention has a main section which comprises
one or more main compressors 4, a main condenser 5
and one or more refrigeration cells, the output of the
main condenser being connected to the expansion
valves of the respective refrigeration cells 1; there is
also an auxiliary section, which comprises one or more
auxiliary compressors 9, an optional auxiliary con-
denser 10, and a first auxiliary reservoir 8 and a second
auxiliary reservoir 11 which are respectively interposed
between the output of the main condenser 5 and the
throttling valves 3 of the respective refrigeration cells 1.
[0076] Figure 5 schematically plots, on the enthalpy
chart, the refrigeration cycles that are present in the
refrigeration system according to the invention.
[0077] One can distinguish the cycle followed by the
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gas that circulates in the main circuit (1->3 evaporation,
3->4 compression, 4->8 condensation, 8->7 reservoir
swapping, 7->1 throttling) from the cycle followed by the
gas that circulates in the auxiliary circuit (2->3 evapora-
tion, 3->5 compression, 5->6 condensation, 6->2 throt-
tling).

[0078] In actual fact, since the two circuits, i.e., the
main one and the auxiliary one, are separated only in
the condensation section, the coordinates of the refrig-
erant liquid being fed (inlet of the expansion valve) on
the chart of Figure 2 lie between the point 6 and the
point 7, and likewise at the inlet of the evaporator the
coordinates will lie between point 1 and point 2.
[0079] Again with reference to Figure 5, one can
see that the compression energy expenditure of the
auxiliary circuit is equal to H5-H3 and that the refrigera-
tion output varies from H3-H2, exactly as in any conven-
tional system.
[0080] The primary refrigeration cycle instead has a
compression energy expenditure equal to H4-H3, with a
refrigeration output which is equal to H3-H1 and with a
refrigeration efficiency which is much higher than the
preceding one, i.e., the following relation applies: (H3-
H1)/(H4-H3) much greater than (H3-H2)/(H5-H3).
[0081] Experimental tests have allowed to deter-
mine the gas flow-rate on the auxiliary circuit, equal to
approximately 1/10 of the flow-rate of the primary cir-
cuit, with an evident energy saving with respect to a
conventional system.
[0082] With reference to Figures 6 to 8, the opera-
tion of the refrigeration system according to the inven-
tion is as follows.
[0083] The initial condition is shown in Figure 6, in
which the level of the liquid in the reservoir 8 has
exceeded the level determined by the sensor S1H and
in the reservoir 11 the level of the liquefied gas is below
the level determined by the sensor S2L.
[0084] In this condition, the auxiliary compressor 10
draws the refrigerant gas from the intake line and feeds
it at high pressure to the auxiliary condenser 10, in
which a partial condensation occurs which is regulated
(in the case of an air-cooled condenser) by the actua-
tion and deactivation of the fan of the auxiliary con-
denser 10 (or by a variation in its speed), so as to keep
the pressure at values which allow correct throttling in
the thermostatic valves.
[0085] In this step, the electric valve VS1 is open,
while the electric valve VS2 is close, and therefore the
gas reaches the auxiliary reservoir 8, where it pressu-
rizes the liquid contained therein; the high-pressure liq-
uid, by flowing along the line LR1, the non-return valve
NRD2 and the line 14, reaches the main reservoir 25 (if
provided), which rapidly fills.
[0086] If such reservoir is not present, the line 14
connects the auxiliary reservoirs 8 and 11 directly to the
expansion valves 3.
[0087] At the end of this transfer step, which is rela-
tively quick, one has the condition shown in Figure 7, in

which the partially condensed gas reaches the main
reservoir 25 and maintains the liquid delivery line at the
condensation pressure, i.e., at the pressure that is
present at the output of the auxiliary condenser 10.

[0088] The main compressor or compressors 10 in
this step operate normally, and the gas drawn from the
low-pressure intake line 20 is sent to the main con-
denser 5, where condensation occurs at the lowest pos-
sible pressure.
[0089] At this point, the low-pressure refrigerant liq-
uid, by flowing along the line in output from the main
condenser 5, the non-return valve NRV2 and the line
LR2, reaches the auxiliary reservoir 11 and fills it.
[0090] The filling of the reservoir 11 is facilitated by
the fact that since the valve VS3 is open (while VS4 is
closed), a small amount of the gas, by passing through
the bypass choke 18, reaches the intake line, thus con-
tributing to reduce pressure in the auxiliary reservoir 11
thus facilitating filling with the liquid that arrives from the
main condenser 5.
[0091] In this second step, the auxiliary reservoir 11
fills with the liquid at low pressure and low temperature
that arrives from the main condenser 5, and simultane-
ously the main reservoir 25 is emptied of the liquid
maintained at high pressure by the auxiliary compressor
9.
[0092] The end of this step occurs when the level
set by the sensor S2H is reached by the liquid in the
auxiliary reservoir 11. During this step, all the electric
valves change state and one has a situation such as the
one shown in Figure 8, which corresponds to what is
shown in Figure 6, except that the functions of the aux-
iliary reservoirs 8 and 11 are swapped.
[0093] A transfer step then occurs again and the
cycle is repeated.
[0094] It is noted that the main compressors 4 con-
stantly have the lowest discharge pressure allowed by
the condensation exchanger, and that the auxiliary com-
pressor 9 constantly keeps the liquid air supply pres-
sure at values which are adequate for correct operation
of the throttling valves.
[0095] The refrigeration system according to the
invention therefore allows the main section of the sys-
tem to operate in optimum conditions, allowing in theory
condensation at any temperature, the only limitation
being due to the operating characteristics of the com-
pressor.
[0096] The auxiliary circuit instead ensures the cor-
rect supply pressure on the expansion valves in every
operating condition and helps to generate cold, with
considerable energy savings.
[0097] Furthermore, the intense subcooling of the
liquid eliminates the possibility of the so-called flash gas
effect in the delivery piping.
[0098] In practice it has been observed that the
refrigeration system according to the invention fully
achieves the intended aim, since it allows to optimize
the energy consumption of the system, increasing the
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overall refrigeration capacity and with less mechanical
stress on the main section, which is assisted by the
presence of the auxiliary section.

[0099] The refrigeration system thus conceived is
susceptible of numerous modifications and variations,
all of which are within the scope of the inventive con-
cept; all the details may furthermore be replaced with
other technically equivalent elements.
[0100] In practice, the materials used, so long as
they are compatible with the specific use, as well as the
dimensions, may be any according to requirements and
the state of the art.
[0101] The disclosures in Italian Patent Application
No. TV99A000044 from which this application claims
priority are incorporated herein by reference.
[0102] Where technical features mentioned in any
claim are followed by reference signs, those reference
signs have been included for the sole purpose of
increasing the intelligibility of the claims and accord-
ingly, such reference signs do not have any limiting
effect on the interpretation of each element identified by
way of example by such reference signs.

Claims

1. A refrigeration system having a refrigeration cycle
which provides optimized consumption, comprising
a main section, which comprises at least one main
compressor, a main condenser, which is connected
between said compressor and at least one expan-
sion valve, and at least one evaporator, which is
connected to said expansion valve, characterized in
that it comprises an auxiliary section which com-
prises at least one auxiliary compressor which is
connected to a low-pressure intake line of said
main compressor, an auxiliary condenser which is
connected to said auxiliary compressor, and a first
auxiliary reservoir and a second auxiliary reservoir
which are respectively connected to the output of
said optional auxiliary condenser and to the output
of said main condenser, for connection to said at
least one expansion valve.

2. The refrigeration system according to claim 1, char-
acterized in that said main condenser is connected,
by means of a low-pressure line, to two non-return
valves which connect said low-pressure line to said
auxiliary reservoirs, an additional pair of non-return
valves being provided downstream of said auxiliary
reservoirs in order to enable/disable the connection
with said at least one expansion valve.

3. The refrigeration system according to claim 1, char-
acterized in that said auxiliary condenser is con-
nected to said auxiliary reservoirs by means of two
valves.

4. The refrigeration system according to claim 1, char-

acterized in that a bypass choke is provided
between said low-pressure intake line and said
auxiliary reservoirs, on a side for connecting said
reservoirs to said at least one auxiliary condenser,
two valves being provided between said bypass
choke and said auxiliary reservoirs.

5. The refrigeration system according to claim 1, char-
acterized in that said auxiliary reservoirs are con-
nected to said at least one expansion valve by
means of a high-pressure line.

6. The refrigeration system according to claim 5, char-
acterized in that it comprises a main reservoir
which is interposed between said high-pressure
line downstream of said auxiliary reservoirs and
said at least one expansion valve.

7. A method for cooling at least one refrigeration cell
by means of a refrigeration system, characterized
in that it comprises the steps of:

staffing from a condition in which a first auxil-
iary reservoir is filled with a liquefied gas and a
second auxiliary reservoir is empty, introducing
a refrigerant gas, by means of an auxiliary
compressor, in an auxiliary condenser in which
said gas is condensed and sent to said first
auxiliary reservoir, pressurizing said liquefied
gas contained therein;
transferring the content of said first auxiliary
reservoir to at least one expansion valve in
order to reach at least one evaporator of said at
least one refrigeration cell;
drawing, by means of a main compressor,
refrigerant gas from a low-pressure intake line
and sending said refrigerant gas to a main con-
denser and then to said second auxiliary reser-
voir, filling it; and
transferring the contents of said second auxil-
iary reservoir to said at least one expansion
valve, in order to send them to said at least one
evaporator.

8. The method according to claim 7, characterized in
that said liquefied refrigerant gas fed into said first
and second auxiliary reservoirs at different times
during the cycle is a high-pressure or low-pressure
gas, depending on whether its source is, respec-
tively, said auxiliary compressor or said main com-
pressor.

9. The method according to claim 7, characterized in
that the discharge pressure of said at least one
main compressor is constantly at the minimum
value allowed by the corresponding condenser.

10. The method according to claim 9, characterized in
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that the discharge pressure of said at least one aux-
iliary compressor is constantly higher than the dis-
charge pressure of said at least one main
compressor.

11. The method according to claim 7, characterized in
that the transfer of said first and second auxiliary
reservoirs occurs by transferring the liquefied gas
contained therein to the main reservoir.

12. The method and the system according to claim 7,
characterized in that throttling pressure control is
allowed by means of a capillary tube used as an
expansion valve.
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